The Dead Sea has been shrinking dramatically in the last few decades, due to the heavy use of the river Jordan for irrigation, leaving too little water infl ux to balance the evaporation from the lake. Like the Aral Sea and many other lakes (Curr. Biol. (2017) 27, R43-R46), it is gradually disappearing. In this particular case, a highly exceptional biotope of extreme saltloving microbes is under threat.
An unexpected bonus from this developing ecological disaster, however, is the increasing exposure of a more than 60-metre-strong rock formation on the Jordanian coast of the Dead Sea, known as the Umm Irna Formation, which tells us about a dramatically different world that existed more than 250 million years ago, in the Permian.
Back then, the major landmasses were united in the supercontinent of Pangaea. The area now forming the Jordanian shores of the Dead Sea was a lowland fl oodplain in the tropics, at 15°S and not too far from the coast of the Tethys Ocean. A river delta with various meandering channels, shallow lakes and peaty mires provided an interesting range of habitats and deposition environments for conserving plant materials. The area must have experienced a fairly hot climate with long wet seasons, monsoon rains and short dry seasons.
Its rich and varied fl ora that is now being discovered in fossils from Jordan has led researchers to suggest this area may have been a 'cradle' of evolution, producing exceptional species diversity, some of which then spread around the world.
Permian origins
The geologist Klaus Bandel, then at the University of Irbid (Jordan), discovered and described the deposits during a mapping project of the Dead Sea region in the 1980s. After moving to Hamburg, he met palaeobotanist Hans Kerp from the University of Münster, also in Germany, and in the early 2000s showed him some of the plant fossils he had found in the Umm Irna Formation.
Kerp was stunned to see that the fossils included well-preserved cuticles (the wax-like outer covering of plant surfaces) and even more so when he learned that they were dated to the late Permian, even though he recognised plant species that were then thought to have originated more recently, in the Triassic (252 to 201 million years ago).
This spark led both researchers into a joint research project together with Jordanian geologist Abdalla Abu Hamad, more recently continued by Benjamin Bomfl eur with graduate student Patrick Blomenkemper. Their most recent report published at the end of 2018 moves the origins of three major groups of seed plants from the Triassic back in time to the Permian, and describes a Permian biodiversity hotspot in great detail (Science (2018 (Science ( ) 362, 1414 (Science ( -1416 .
The Podocarpaceae, for instance, are now the second-largest family of conifers, with more than 150 species mainly found in the southern hemisphere. They were previously thought to have originated in the Early Triassic. Fossils of twigs with well-preserved cuticles now provide suffi cient evidence to move their origins by tens of millions of years back into the late Permian.
Similarly, the authors can demonstrate an earlier presence than was hitherto known for two seed-plant lineages that are now extinct, namely the fern-like Corystospermaceae, and the cycad-like Bennettitales. When Abu Hamad and colleagues fi rst reported the occurrence of the corystosperm Dicroidium in these Permian deposits in 2008, their claim was disputed due to the absence of reproductive organs.
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Finding the cradles of evolution
Are some parts of the world, and especially the tropics, so rich in biodiversity because they breed more species or because they are better at keeping them? Could some regions be both 'cradles' and 'museums' of evolution? Gaps in the fossil record have made it diffi cult to address these questions with more than speculation, but new discoveries of rich plant fossils in Jordan and systematic analyses of China's fl ora have brought more clarity. Michael Gross reports. typically Cathaysian elements, whereas plants growing in drier habitats are Gondwanan and a few Euramerican forms. The humid (Cathaysian) elements did not survive the end-Permian mass extinction, the largest extinction event in Earth history, whereas the 'drier' elements persisted and became the dominant plants during the Mesozoic."
The Dicroidium plants, for instance, successfully expanded out of the tropics in the Triassic, but then became extinct in the Jurassic. All of which appears to support the idea that the area studied served as a tropical cradle of plant evolution.
Cradles and museums of evolution
We are used to seeing the greatest variety of species in tropical countries like Colombia, Ecuador, or Indonesia. The global distribution of biodiversity peaks in the tropics and declines towards both poles. There has been much debate over the factors that shape this distribution, and over the question of whether it may have been different in other eras.
Possible explanations include the idea that the tropics could act as a cradle of species diversifi cation, producing new species at a higher rate than the temperate regions. One simple geographical reason behind such a cradle effect could be the lack of seasonal temperature change. If a species living in a specifi c location can rely on the temperatures staying the same all year round, it can afford to be quite narrow in its climate adaptation, which would restrict it to a narrower geographic range and thus produce a more colourful patchwork of similar species on a distribution map.
The opposite, but compatible, idea is that species-rich areas may produce new species at the standard rate, but are better at keeping them alive, thus acting as a 'museum' of older species. Conceivably, the same region could be a cradle for some groups of taxa and a museum for others.
Surveying the evidence available to describe the development of this latitudinal biodiversity gradient over geological time, Philip Mannion from Imperial College London, UK, and colleagues have concluded that the intrinsic incompleteness of the fossil record and the sampling bias produced by poor preservation of biological materials in the tropics makes it diffi cult to fi nd certainty on this issue (Trends Ecol. Evol. (2014) 29, 42-50) .
After taking account of the sampling bias, the authors conclude, the existence of a distribution peaking in the tropics -like it does now -can only be confi rmed for the last 30 million years (i.e. within the latest icehouse phase marked by a permanent ice cap on Antarctica), and for a few intervals in the Palaeozoic, the era which ended with the Permian around 252 million years ago. A connection with the major climate shifts between an icehouse scenario, with polar icecaps, as today, and a greenhouse scenario without permanent polar glaciation is conceivable but unproven.
Mannion and colleagues highlight a number of issues remaining insuffi ciently supported by research, including the lack of direct studies along a latitudinal transect in geological time, the diversity distribution of certain groups of organisms, including even vertebrates, the infl uence of mass extinctions, and the likely impact of man-made climate change.
The new report, however, closes that gap and establishes Dicroidium in the Permian. Other researchers have also discovered fossils of Dicroidium foliage at other sites in Jordan, in association with more typical Permian fossils.
These earlier datings are all the more remarkable as the Permian and Triassic are separated by the greatest mass extinction in the history of our planet, which for unknown reasons wiped out more than 90% of marine species and around 70% of terrestrial species, decimating even insects. Finding three lineages that came through that event alive is a sensation by itself.
Compared with the more recent fossil distributions of these plant taxa, the Jordanian fi nds appear to have connections with all corners of the Permian world. "Most remarkable is that the fl ora of Jordan is a mixture of elements from different fl ora provinces, i.e. Cathaysia, which encompasses present-day China, Korea and immediately neighbouring countries in South East Asia, Gondwana or the Southern Hemisphere, and Euramerica consisting of most of North America and Europe," Blomenkemper explains. "Plants bound to humid habitats are The Jordanian fi nds add a muchneeded treasure of data with details of a tropical terrestrial region deep in the past, which sheds light on what may have been an important cradle of terrestrial plant evolution. Mannion agrees that "the results from Blomenkemper et al. support the idea of the tropics acting as a cradle, and provide further evidence that the ancient tropics are likely to be heavily under-sampled in general."
However, recalling the incompleteness of the fossil record he cautions against generalising the fi ndings too quickly and assuming that the tropics have always been the global cradle of evolution: "We don't know whether other groups originated at higher latitudes, for example. We also don't know if this pattern was consistent through time. Much more work needs to be done before we can infer that the tropics acted as a cradle of evolution in general, but the fossil record provides our best means of ultimately understanding the causes and evolution of the latitudinal biodiversity gradient."
China split in halves
China is an area rich in biodiversity which has also been discussed in terms of the hypotheses of cradles and museums of evolution. In a recent major international effort led by Zhi-Duan Chen from the Chinese Academy of Sciences at Beijing, researchers have addressed the evolutionary history of the angiosperm fl ora in China in detail (Nature (2018) 554, 234-238) .
Using phylogenetic data covering 92% of the angiosperm genera present in the region with 26,978 species and detailed distribution data, the researchers analysed the mean divergence times of genera within square grid cells of 100 km width.
Overall, the divergence time estimation showed the Chinese fl ora to be relatively young. Two thirds of the angiosperm genera in China originated no earlier than the beginning of the Miocene (23 million years ago). The data also showed that the herbaceous genera have diversifi ed much more rapidly than the woody genera during the past 30 million years.
Analysing the mean divergence time to identify regional cradles dominated by younger genera and museums preserving older taxa, the researchers discovered clear differences in the plant evolution in the more arid northwestern half of China, compared with the more humid southeastern part of the country. The division follows the isohyetal line representing 500 mm annual rainfall.
For herbaceous genera, Chen and colleagues found that northwestern China represents an evolutionary cradle with rapid species diversifi cation, while southeastern China acts as a fl oristic museum. For woody plants, by contrast, both the cradle and the museum for diversity were found in the humid southeastern parts.
The researchers found that hotspots of phylogenetic diversity are mainly located in several provinces of eastern China, including Guangdong, Guangxi, Guizhou, Hainan, and Yunnan. These areas are also hotspots for threatened plants in China, according to earlier studies.
In terms of lessons for conservation, Chen and colleagues raise the issue that protected areas in China are generally scattered and may not be suffi cient to save some of the ancient species.
More generally, further advances in our understanding of the latitudinal gradients, cradles and museums are necessary to improve the chance of limiting the impacts of climate change and habitat loss. Otherwise, there is the risk that plant diversity in the future will retreat to botanic gardens (Curr. Biol. (2018) 28, R1075-R1078) and literal museums.
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